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(54) DEVICE AND METHOD FOR LEARNING VOICE PA 
(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem in 
which an equal and robust HMM can not be obtained 
unless the amounts of learning data of reading voice 
data 1 00a and freely uttered voice data 1 00b are 
approximately equal for all of the phonemes in the both 
uttering systems. 

SOLUTION: The device is provided with a learning data 
storage means which stores learning data for different 
uttering systems, a weight computing means which 
normalizes the reciprocals of the amounts of data for 
every system so that the total sum of the reciprocals 
becomes 1 and computes the normalized reciprocals as 
the weighting coefficients in accordance with the 
amount of data for every uttering system in the learning 
data and a weighted learning means which corrects the 
differences among the amounts of the data in the 
uttering systems of the learning data using the weighted 
coefficients computed by the weight computing means 
and which obtains the parameters of the voice pattern 
models corresponding to the learning data. 
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St. 

V^nr}V<r)) N- 5 ^ - S: Stf) S S;^if^ # i: 

-p ^i,zm-h ±ie^B«^c7) i7 5 X ^ r i: ctjt'- 



^^^'^mi:m\'^X±.imiX'7)Vay^^)Vcr>j^=7^ 

\.nim5\ m^j:h^mm^x'Xi)-^ixfz=^^'f—^ 

b^j:hX^i,zim^L1ti>ff)^. IMm^y'—^izm- 
S±iB5liS«^ri:c7)x-:?Stc|5tfc*^^«S!ti: LX 

m'f—S'i,zjc^m-^'^^j^^-y=^'f>v<r>^^yx-^^ 
9)vx'h 0 , 

aitT, ±IB^^7'-^i7)^%ig«^rat=*3tt?.x-;5' 
^>'s':J'->'^:7^;PS:fflv^t:±lB^^x-:?Sr^ ^^^rJ' 'J 

:L<r>9yx9 1» v-^x^y-rx^ =7x9 v y^'ttz^ 
m^^iTt^ 'yx9<,zw,-th^^'f—9<r>y=—S'm.cr)im. 

ilB^^x-^fcifr ■l.±IB^«5«cO^' 7X r i:<^ 

T—9m.\,zm\:.tz9yx9m.;h.miLb tT»m-^-§. 7 

m^mL im\^X ±IB^^r - <0±IB«^i6«^i7) 9 
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mi^n^m^m^m^m?:m\'^x±s5mix-7j\^ay^y' 

[000 11 

mwRi/'^p^ >-^' - y'tf/i'^^ijmtzm-r^ t <^-ca 

[00021 

mLxfhtih^^T'-:$'(o^mmLm.x-hi>^^T 

'fJi't<p^<i$'->-?y^y^^^dZtlzX^^$ti 
Z<rmpn^-v^ir)Vi:.\^X\,i. Wx-7)Vny^ 
■TfU (Hidden Markov Model Jjl 

MMT'ti, ±A(7i^^y-'-^ SrfflSf ^ ■! t i^X'^tl 
[00 0 3] L*^L'5r*^^>, tg^^fci-SW^T^-i? 

^tJ!!it"-l>7tA6t-, R i c ha r d P. Lippma 
nn. ,et al.," Multi-Style T 
raining for Robust Isolat 
e d— Wo r d S p e e c h Recognitio 
n", IEEE International Con 
ference on Acoustics, Spee 
oh, and Signal Processing, 
vol.2 of 4, pp. 705-708. 198 

7 (JiiT> -scMi X'\i. ^^tcm^m^xx 

iizw^\^tc'^^m?j^\^x\^hif. '^^nM.tm^w^ 
[0004] zzx\ ^i^^^co^TfHtizxwi 1 <r>m 

WSrfigffl t , 7-^x h ^m^liftzX 0 ^T^^#^ 



MiS^^co J: d i Mz^ Lfz'^P<r>WH}zn L 
-CayN'Xb^HMM^^g-r-l.:^aSrgiBa-rS. ^mx' 
\i^^-ti> H M MJiii ifeii-^ljScO HUMX'h^, Hi<0 
HMMTHi(7)^$-^:r/Wl:-tSt<^>i:-fS. ife, 
H MMco b adf v-'ti, 6 tc^-T i d ti4 ^t^co 

left-to-ri gh tMi:-rS, HMM(4. 
Si^ai j fcaj:»35i¥bi j (X) fcS-A-^^-rJ'tL 

i ^-'^ j icM^-r I. ^ t i 

^LffcO. *WlT'{444fc^c7)HMM^iO-C. i = 
(1.2. 3).j=(i,i + l) i:^^. ^/i, ^ 

^*a i J {tms^ i *>^>4fc® j ^oa^*<jg# hvm 
x'h 0 . tti^m^b 1 j ( X ) i *-<i> j ^<r)W^ 
<rmi,zim.^if vi\^y.ifi]i!,-h^tihwsswixh o . ^ 

»5cjBi^fliT-«31$ii.g,. IP*>, bi j (X) 

*»^>, HMMWn*5p<-^'{4. ^^Sl^ai j t^^n 

i 3^HMM<7)>'^•7^ — rJ'^'^S^SC: 1 2rHMM<50^g 

)wymMm^j:)£<r>Y\mM<n^^izm\<'^h'f—^^^mf 

[00051 m7liXmil>zmni^tlfzmii:m\''>tzU 

mx'hh.m\izii\yr:. 1 0 o«4S!;2<^±(fw^T^-^ 1 

0 0a-^ei^ii§^^x-:5'l 0 0 b^t'WHMMcT)^ 
Wt^-^1 1 OSrlSJft-r.i.^WT'-^^^r'J. 100 a 

•C% 10 0 btiS^fg^^c^J: a i^aSt^^LTt^^T* 

iP^T-^'Tj)?*. 1 1 OM'^'^'f—^X'. S!^±(f^ 
^x-^1 OOa^giflfSW^T'-^ 1 0 0bi7)3 
*>, HMMi7)^Wm-#^¥iai 2 0^^J:-oT^¥:^x- 
^;>{^:U 1 0 0*»^>®Sg?;?i{iJ$iXTHMMfiO^Stc^$ 

1 2 0«±¥^T-:5'^^i; 1 0 
0 tCit-r i. H MMc7)^g^fi= 

1 3 0{4^g^ai 2 0*«^^L?tHMM 
i^^'N'^^-:?. 14 0{i:^W*Kl 2 0*<^gL7tHM 
McO>'N°7^ 1 3 0 SrtSSW-'&^T;!^;'*^: y T'*.§ , 
i/c. 'J 1 QQ{,Z\m?)-m=^^ir-^ 

1 0 0 a i: es^M^^T-:? 10 0b. mf. ^mt 

•CV^S, 08*4±3*LJtW«T-y/l'O-0y$r^-riaT' 
[00061 5t^, ^g-r-rJ'^^ U 100 F«3c7)#x- 

^<7)ms(,z'ouxwim-ri>. m^±.^f=^^T'-9 1 o o 
wmtmi^ii^xK-)] Lfz^^py'-^^^Bm^mvx^ 
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yX'kjj.Xfkjj.X^k'g. •••.X 

<'^'T (k) (BiOas* (k) (ik#gOh-^'>'T 

^TFTtrnx-hh. Hic^-ri^tc. ^v-9y<r>v~9 
mi. muii^pcmtL. m'<^b^i^x{iLPc 

[0007] S*^IS^^T-:5' 1 0 0 b{4, 

b;l^X«B#^?iJi:^iSrt^S:5^-^^*iB**^« 

(k)-.. Xtk)2,X(k>3.---,X(k) 

T(k) (WiO^* (k) {±k#@cOb-^v-C$>2.C: 

I, , a 1 0 (i±ai tfc a *i&ig^^T- h - ^ >"r- 

-:S'100b4'<?)b-i5' i^S-tti. SgA±{f «^ h 
^S^a;.:? h;PX(±LPC>-rxh5A'CS)'&, 

zib^aym^O^Ui. M^^^itf^^x-^' i o o a fcH 
M^^±if T V ^ h (nx-ymm'^x-mm^s^LPx-h h<r)\,z 



eiffefSW^r-:^' 10 0 bJiAMA^oeM^r** 

[0008] mziiuu^^'^-^hm^\.z-o\^xwmt 
*g#)«i ^^*ai 2 oti, ^^7^-^^^:'; 

1 0 0*5ffi^f -S^x-7';W2rSE^^^ii^s CICO^t^ 
-rs. 2 0«i:. ^x-y^l^*^ Wi-tfUS 

[0009] ^^¥1112 ^W#fia 1 2 Oti. 3l#?t/i 

9 Y)V(^V^imt:^^T'—? ^"i: 'J 1 0 o*^<b»!^^^a 
tf, sg;^±(f^^T-^iooacoh-^'y 
i: Si^i^^l^T'-:^' 10 0 b« 1 — ^' y SrM:^rM^^3= 

;^ii^/^#^-^vx < k > ^ . x < " > 2 . x ( ' 



3. •••.x<i->T(k) 

r ( k ) ( i , j , t ) ^n-s-ri.. fIL, Wco^* 

( k ) \,m^TkA,fi^X<DV-9 yfT'k ( k = 1 . 
2. 3, • • • K) #Bc7)b-^'>'-C$>'S..Ii:SrSl*-t 
I,. Xtih-^ySrlt^-n.^'^^b/l^. T (k) {i 

ttz. (i, j. t ) {ih-i?ycot#a<owm^i5'h 

( k > { i , j . t ) {i, Wi{f 7:r V-H • J^ yPV 

[0010] m^mLW^^r ' ^ ' ( i . j . 

t)Srffl«/^T, ( 1 ) - (3) 5ttCi-oTHMMC0yN°9 

®55:«-C i=(l, 2, 3). j=(i. i + \)X'h 

•5. 

[S!C1] 



[IS[2 



(1) 



m 



«; 



sf.ay:'r"'c.j.')'-^.' 



{*) 



(2) 



[^3] 
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'J 



(3) 



^#©1 2 0«^g^llTL^^x;l^cO^N'5^-^' 1 3 
V i j- . SIX. -?-<7)^*te$:^xyW^^:U 1 4 OtCiH 

[00113 ^S#)113 1 2 0{±. ^^T- 

;j';<^:'j 1 oo*<ffii^-ri.^S7^-rync#tt-ri.^T 

C 0 0 1 2 ] Z<^X d 1 ^zin^tit:mitmX' 
COO 1 3] 

mcO^XI,zMVXmA-±im^y'-:^ 1 0 0 a t 
R5^^T-^ 10 0b i;co^§-r-^4*i|5I4^-C^ 

[0014] ±Mmmiz'yi\xmi^mzmm-r^ . @Eb 
^^^T-'-^j' 1 0 0 b{4. -mmz^n^mmizm- 

^J<MA<r)iim^^i:^^mLx%^ ^hij-t>^-9 

mdimmxh o . 1 o o a t jt« 

LTHMMcO^l'lcfigffl-r-I.^Wir-rJ' 1 1 OfiO^-^ 
i**ii'-^r<^i>. ^Jt. SE^±(f^^T-:J' 10 0a 

#•5.*-%; ee^^SS^^f-:? 1 00b{±. -m.mz}~M 

{4^<paj3K®K*^'M^ -3 it t <50t:^§ . H M Mcr)^g 
a. ( 1 ) ~ ( 3 ) J: d ^;«:fc^tS^c«':^v^T 

X-:? $-M:trffii-^T. XSR 1 iziF^^ixtzmmmizx -> 
T H M M $r^g-r h t . mp*-±if'^p<7)!mLt sA%m 

^Pf~:f^i:<r>'^m^mSLi^^l,z^rMt^ti^\>'>t 
V^d^m-^***^:^. BP^, gj;^^±ff^Fx-^' 1 0 0 

S?;5t±tfiP^T-:5' 10 0 ac7)^W#®tciav^*Tyl' 



^ 0 . S i^iS^^T- rJ' 1 0 0 b co^WJRMgti* 

[0015] ±ieillS?r»^-t-.g.i^iOft«fc L 

!^IBT4-3 2 64 00-^^?g (OT, iftlSR 2 i: 

m^^f-^tx'. gij^tcHMMt-^wrs (3S:iRitc 

i ±aL^^ i 3 tc^g^g 1 2 0*JMA± 

tfW^T-^' 1 0 0 a i: gi^fe^^^x-^' 1 0 0 b fc 

^ ti^m^^Pf-:}' tX'2mi>Z^K) . ^hl,Z^ HM 
MJ-i^^-:SKr>si^mb HMM<7)*Ktt«<7)jSI»:»t 

2^l^c:^^l.iv^■?il®3&^'^)r5^t. cimcio. ±ie«» 

[0016] Z<0^BMti±Mi<7iX 0 ^rHiS^rJg^t- 

^^^-'?M.t^m^£^^x'%>mficr>^m^^zm,x 

[0017] 

ii»h^mm^:::tcn>^^—?m<n^t,z^ ztihcr>m 
mnt^j:hXo\.ZiEm{\:Ltzi:,<7)^. ^gr-rJ'tcM 
•r.S.^iS«^ri:cOx-^»tcjEt/cfi;^<^^!gCi: LX% 

?^m.^m\-^x^^^-9(o^mm^^izin'fh^- 

V - ^-^r -r >f - ?r S fi;^tft ^ 

[0018] C:c7)^BJlC^I)#^>'N'^'->^:x/l^^^ 

Wii. 'U:^^'^S—'y'^'fivt)^^ti'?)V-=ty=i:'f)VX'h 
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[0019] Z<7)^BMiz^:h'^P^-^i^-y=f:7'Jl^^m 

Stt S %mm^<r> ^ 7 ;^ r t c7)t"- ^ j£ 1 7t ^ 7 
S-ffl V ^T^^x- ^ c7)#^tg«^c7)^ 5 X ^ rat:*; (t S 

[0020] zcowmtzm^^^y-^^—y^r^fi-^^m 

[0021] ClOjgBfltc^S^f^yN-r^-vt-f/l^^^r 

X^^nr—?<r>^^mm^^\z.ii\'th^-'9mfrm\^^ 
[0022] Z(r)^mz^h=^^f-^9->^ir)V^'mi 



n=y:f.—^^^^h\i<r>xhh. 
[0023] z(^m¥ikz%h=^^n9-v^^)\^mi 

m,t. mtphmm^xx-h'^fitz^^'f-yo^wii^ 

v^^jv^l^x^ -y T\iz.xiSoi^fzmkm^:: 
^'m^^f^9-y^'f)V^m\>-x'^^'f-'9^9=7y^9 

^izm-r^^^'f-^<^r-^&coimLi>z. ^ti^>co^ 

t. c:<7)^9;^^*;^H-Scxx-yTT-S:tiitJt:?9x^ 
«^«igC 2: ffl V - C7)#5lil«^£0 7 X tJ' ra 

[00241 ci(r>^Mi>z^&^ps^'i^-y^y'fU^^:fj 
mii. '^^^-^^—y't'ffUA^mf^fi'^y'E'fjuxh 

0. i'yX:f'm^n^^^Xr- yyi,zX. ^yXi^'Mi^ 
[0025] 

^sfesojg® 1 . 0 1 {4 c: ^m<r>%m<r>mm 1 i: 1. # 
-5 . 0c*iv^T . 1 Mmi^iif^^f-^ 1 - 1 t 

IMSWI^x-:? 1 - 2^i:*OHMMi0^^x-:? 2 SrtS 

s^rs^^Wx-:?^^:!; (^^T-'-rJ'ieit^g) , 1- 
tz=^^'f-9i=^w/tvx\^x%hixhm^±}fm^^- 

9 ( ^^x- 9)X\ 1-2 «4*t^^c^ i 3 g 

mzm.?*-±.'kf=^^i'-i9 1 - is.i/^s*f6i§^^T-:5' 

1 - 2 S-i^BJf ^ t . S!A±(f #^T-:? 1 - 1 {±. M 

Wrt^vx'^htihmm.<-!f h)vx<mm\^=mm. 
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rarttcfl) oats L/C h-:?i^<^S-&i:, ^Y—7V(^V 

-:r;p^*gL.Tv^S. 2Ji^ST-:J'T. M*±tf^^ 

t"-:? 1 - 1 S?6K^|57=^-^' 1 - ^ ■t^M^^'tf- 
6 ^*^-ft % 9 ± o T - ^J' ^ t 

[0026] 6(i:Sg;^±(flf^x-:? 1 - 1 ^i^^fg 
ifPx-^ 1 - 2*»^>M;^>.ai L;^>:^^x-:J' 2eo#T- 

^»*» ^.^Wt- 2 icitr ^^g§«^ ( m?i-iLVf=^ 
(M^itfw^, s*i*fs^is) stci5{t-g.T 

1 0{i*;^#ii^^#a9(c<J;oT=¥^t/>rHMM 

(^^x-^2^^^^^e•rs^^>'^•r5'-y^ 

xyl^cTj^N-^^-^) 5r#tfHMMyN-7^— ^'ffif«, 1 1 

mix'^^-thUMMii, ±mLfzmkm^tmmi,zm 

'f)\^-it-t^i><7)t-t^. HMM«Oh*'n>''— {i06 
-rJ:d^4^^<0 left-to-ri ghtM^-T 
■I.. 

[0027] mzm^i,z'^\^xmmt^ . itoi^^oje 

cs 



WR 



CR + CS 



WS = 



CR 
CR + CS 



[0030] s;?i^gc<7)ti-aL#jii 3 m^nn^m e 



» 1 i i>'§p^'<i$'-y^^/i^^^mm<7)^^mmii. 

( 1 ) M^«S[c7)t1-ff (M^ttn^i'-yy') . ( 2 ) a 

ai:>]^A S:*;?i^fhs;*S6 coA^jffi^^A i izmm-t 
[0028] m^^mcoifi^mw. i s Atf-^ 6 
'^izn^ixt:mmizm.'>x . m^^^cof^mi^b^ 

8<?)J:dlcie^$ixTV^S*^. at##*«5feKO^ 

[0029] m^mmconnmw. 2 mz. m^iYn^ 

-9 >^-^)V (^^x-^ 2 ) iS^SSW^h-:? 

:^«od*>. mMm.<^i\%nMi.=kmtLxmi3i.Ltz=^ 
^f.zmtnfh. zzx\ m^±if'^p] — ^yf-y 

MzM-t^ h-^y (^Wt-^ 2 ) cr>^z.±^miC 
R. '^^^m'^Ph-^'yT—rMzm-hh-i^y 
(^Sx-:J'2) «oia:;i±J5igt^csfc-r-s.i:. m^± 
(ffp^T-^ 1 - 1 ^zm-^m^mmwRt ass&ig^ 

^-f-^x-^' 1-2 lcMt--l.»^^f*itws t Tie 
(4) . ( 5) ^CL./cAJ-?TtfS:§ai., Clfl'o 

( 4 ) , ( 5 ) ^i^i^^^^^tH'O . m^±if^P'f- 

-^1-2 i,zm'i>m^^mfstcr)iti,i. m?i-±if^ 
^-f-^' 1-1 izm-t^ h-^'ycowLCRt ssiyg^ 
^T-'-^-T-^ 1 -2izm-t^ h-^^y<7m.cs<7)iti,z 

at0lJ-r-5.ffli:^oTV^i>. 
[1^4] 

(4) 



(5) 

^OilL. ^m^^t izm^^if^^y"-:^ 1-lizM 
^hm^^mWRtSA^^^^T-iS^T-:^ l-2iZ 

nthmi^9mvfs?:mMLx. ^m^<^=^ms.t 
1 1 izm^^mfR. w s ^m;^mM-t^^^ ^ 'j s twin 

R. wst^-filj^-rs. ll2{illiS<7)i^®ltcJ;SW^ 
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X a. X hm^m^mii. ^R=o. 25.ws= 
0. 7 5 ztmrnmyaXizm-^m: 

-i$'i\-2COY—^ym(DittfiO. 75:0. 2 5 . SP 

m^f-^ i-2<7)h—?ym.<r>3{^x'hh:it^m.m 
[0031] mzmM'^t=i^^iv(r>^^^m.^mm-t 

[00321 m^nt^^t'rfi^c^m^m i «^ft#¥ 

^5rMS?-rs. ^^T\ Mi.{fll8 

[0033] ^:X/KO^^#J(l 2 iJCfc, 4;^^ 

(^^?iI-CS>l.^lfx-^'2?:^^-r-:J'^^ U l*»<c>a 
^j2,ts, ZCT)^,, m^±if^^y'-^ 1-1 + £?5h-^' 



WRi: gi^iS^^x-^'T-^'<7)*;?^fi^WSi:$rS! 
[0034] ^T;K?!)^w^iii3 ma^n^'^ 

t-Sf^IfiIlg^#ttr < 1= > ( i . j . t ) ^H-St-r 
c:::t\ M<o|^ (k) ii.m^ii^t£±x<^>-^ 

y^'fk ( k= 1 . 2 , 3, • • • , K) #gc7)h— :7 

^^'h/K T (k) i±]<.mscr>h~^y^mf&i-i>mm 

^i'h/U(r)^b^6. ifz. ( i , J , t ) {i. h-^' 
>'<7)t#S<0#S'<.^' hyt-X ' k ) ^ Sraj:>3LT. HM 

^<7)M^lIISc«#ffir < ) ( i , j , t ) fi, ^« 
©9{S, ±IBiref|lISt}(8mtr ( J= > ( i , j . t ) 5: 



fllr < w ( i . J . t > ^fflV^TTie ( 7 ) ~ 



(6) 

t^. i=(l, 2. 3). j=(i. i + 1) i:^^, 
[jgc7] 



[I3C8 



'J 



HI; J = 



(7) 



(8) 



[Ii[9] 
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(9) 



[00353 ^w^^T-t^ t . m^m^^^^ 9 

RV=^<7)^mi?:n^n^'i:y'JU^^>J 1 1 tCiUJii-r 

HMMcO>'N*7P<-:5'i: ^<^#^ae^: ^ HMM>'t^;<- 
^'ttfS 1 0 fc LTffift-T'l. « 

[0036] mMi^^'f>i'cr)^^^m4 m^n^^ 

[0 0 3 7] ^^T\ ttse*Smi:<7)av^ 
(C-P>,^-C^BJ-^§ , (7)^(9) a^tcfcv^T, a^(0 
^ilIi!cM#fitr < k ) ( i , j . t ) c7)-ft*)0tcM;^ 
lllit^#fflr < ) w ( i . J . t ) ^m^^h 



' ^ ' W ( i . J . t ) (i (6) 

h-^' i^*«M^±»f^?&7'-:J' 1-1 '^<r>V-^ VCT)^ 

CO h - ^ i^«o%&l;:{iMi^^<SlgCW s Sr^^ttTtf-Sc-r ^ . 
m^mc^nh^Stli, (4), ( 5 ) ^icS^L^^i: 
*5'9M^±(f^^x-r5' 1 - 1 1 gil&IS^I^x-:? 1 

X. m?^n^m^mLW^m.r « ' w ( i . j . t > 

5:i^tc:R?fcL/iHMM^^WrsC:i:**-C#4. IP 

X b ^ H M M 5r f# -I, C i: T' # , 
[0038] tUiO J: p ic. ^(^m^mm l C J: 

{f . m^sh^m^ m?f-±.w^^. ii^i^^s) -c- 
x-^ 1 - 1 , ei^^^x-^' 1 - 23&>^>ttai L3t 

^^7\-9 2<7)^7-Sm.<7)mSLl/CR^ l/CS 

iS^l^CR. l/CSt:CR • CS/ (CR + CS) 
tr^S-f (4 ) . ( 5 ) ^#Bg) ^^l'r-:?2 

1 - 1 tcSfl. b yiici: eS^i^^x-:? 1 - 2 



tc*f LT n-'^x ^^r^^>'^•:J'->'^■r;^2r#SC: i:*«T- 
[0 039] ttz, ^Cfi2fc±St^*l*fl5i:M^r'3. M 
y)-±.W=^^ t S i^iS i: X-m ^ IZ=^^J ^• ^ - V^: X 

jftSrJiJD^-a-^rv^. dtilciO. :fciiR2tJ:l.«e3|^lt« 
JtK LT iSttfiE^Srv N- K ^ x T «i®Sr®^ 4 C: i: 

[00401 *7t, :i<r>mm<mm l tciixJf , W^/N- 

R, WS Sr^Sx-^ 2*-^>»:ai L/cS^m^^fffir 
( k ) ( i . j . t ) tc^tT. ^Wx-;?' 2c7)#^ig 

^m^m^mwmr < > w ( i , j , t > ^fflv^-c, 

^t'-^ 1 - 1 tcJR-r-S. h-^ VSii: Si^fg^^T'- 

1 - 2 t;JS-r S b - ^ Vilch c^^J^SraiE t , 
i5«^<0if-SPWmS$-i|;^t;Ki?* H MM ?r¥^& 

LT h^SrH MM Srf#|> <I t >!)iT'& ^t\>^0 
[0041] l.sdmM<r>mm l tii:. HMMT'^ 

[0042] SISficoje®2 . :L<r>mm<r>mm.2\,t. m^j: 

^0m.cr>^^'f—^cr)^wm^z:ti,znm^h'^'^^^ 
^-y^f^fivffyf^^x-^^-^istyx. c:ti.^>5Hsate»:r 

li:^5J:o(CiE«^l:L7tt,(7>$:, ^^^T^-rJ^tiSTrs 
l^«5e<7) 7 ;^ ^ r <?)T— »i::)t5 1 ;t ^' 7 ^ tJ'fi 

[0043] 03*4^1 <7)^H8<3D|IM«Oig®2 tci 
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2{i:^g*K3*^ig;^±{f^^T-:J' 1 - 1 SrfflV^T^ 

;<-:^'^:^t^HMMy^•7;<-^'ft$BT^ 1 Sti^^-^a 
3*^^>cOHMMy\°7^-^WfSl 2tCJtJS;-ri>HMM^ 

#S3«>'gi%|gW^7'-^ 1 -2S:fflV»-C^gL^H 

MM (SliS«5*?imis>'t:J'->^7';u) tfoyt^^-^'^ 

#tfHMM>'^7;<-^'W$g-C\ 1 5(i^g^S3*^fe<0 
HMM>'^•^^-^'^f^B 1 4 fc*fJiB-t& H MMS-^Stt-r-S. 

^^#K3*i5lig«^iJ (a^?k±tf#^x- 
^' 1 - 1 . aSfl^^S-f-^ 1 - 2 ) {C^«>3tHMM 

$'fflV^T^^7'-:?;><^: U 1 A^imr-S^^T-^ 2 ^ 

C0:5'7^5'&^-r^. 17(i:^7X^'lj>^#^Sl 6 

'J>-i?^^m. 18{4i?7X^'i;:x^^fS*17^*SS^f I. 

[0044] 19{±;?7X^iJ:^^^^*^^U18*ifS 
SW-^^'^^^^UV^/iS*! 7*^<^#^iS«5^£7)i7 5X 

^tcJS-r^^g7-'-;J'2c0r-^'«5rff@L. ^^f- 
2tC*H-^^i6^<?D^' ^X^'rtOx-ri'itClSt. 
5 X rJ'M^^^gj Sr »: tfi-r 5 X ^J' , 
2 0 (4 7 X ^m^i^M.^^: 1 9 *mai LJt^^T^- 

a^^^ffm^Sl 9*>4><?3;?^X^M;^tf-»^*2 OSrfS 

2 it^i^m^mLtii^ ^x^m^i^n^^2 0 b 

U yym^ 17 b SrfflV^T^^T'-^ 2 «0#|fei|:mie<^) 

^T- > 2 tc^^hf- & H M M $r ^ , 
[004 53 2 3{4i7 7X^'a;^i#g^^§#g2 2lc:J: 
oT^l'L-tHMMiO^'N'^^-:? 2tC*tji5 
-tl>^^>'t:$' — $-^tfHMM>'N" 
7^->1Pg. 2 4l,i^yXi^mi^n^^m^&2 2i^. 
^(?)H MM>'^•9^-^'tfiffi2 3 t:j^fE-rSHMM$-tStt 

^OJ^fi|2-t-{4^W^SHMM«4, ±ieilSfe<?5B®l 
i: |ai«tca^^ffia<OH MM i: L , 1 11<0H MMT 1 {1 
cr)mmi'f:^JHt-thi>cr>b-th. $^>CC. HMMOh 
^KDi/-^, 06 tc^-r J: 0 iZ4WS^<7) 1 e f t - 1 o 



- r i g h tsii-^s , ^a: m 1 1 isi-<f«g!stc;{4 
[0046] mzmi^iz-:>i^xmm-t^ . ito^sicoje 

®2fcJ:S^^^'?^->'^T;w^^a<^^^*)iIt4. 

->^x;U^Wx-r-yr) , (2) ii^^l&^T^yi^ 

T) . (3) ^mmh-^ycD^^XiS^Vyi/ (i'yX 
rJ'ijy^XT^-yT) . (4) ^ ^ X^Mi^i^^cOifM- 

[0047] 5fe-f . Sg<^±tf^^^:x;i^co^^#ll^iJi 

Htf-S. B8A±*f#^*T7l'C7)^^$-tTdB^J4, 

-rJ'^^U liOa}tlffi^^A^;^^^g3<7)A:»3ffi^^Al 

ic^^-r-S.. ^W#a3coai:i3ffii^B&i^;'i.±(f 

'J 1 scoxtim^Biizmm-rh. c:<o 
[0048] m^±if'M^'E'f/i-^w^m. 1 

fzim^z^'oX^^MM.bi-^'^m^mifii-^. 
-r;K4, mtimacoxoi^zim^tLXi-^hm^. 5fe 

[0049] m^.^if'^^^y'fu^^^m 2 

3{4, ±^<7)J:dtctT^tRt/t^Sfc-S:t-|.^5S« 

2 ^^§T-:J';«<^ 'J 1 *»^>Mi?iatf. :L<r>b % . 
Sg^^±{f^^7'-:J' 1 - \cr>\ — ViO^^K^jitfo }?: 

^^rv-F ■>'N'y^'7-KT;l'3ruXAtc»-:3rv->T 
^ESi^f^fflr < 1^ > ( i . j , t ) Srtfff 
( 1) ~ ( 3) 5tlcJ:oTHMM<?)>'N'5;'{-^TS)§S 

[0050] ^WJ*^T-rS i: , ^W#S3 (4^1'Sr*^ 

%<im, j , 4J-U[Vi j auf-f-60^*iE*»<5=5rSHM 
M>'N-7;'<-:J"lf$Bl 2 5r. If ;^^±{f #|5^-r ^: 1 
3lc:iMtii-ri., B!;^i^±tfW^^x;W;^^U 1 3T'{4. ^ 
gSrl^T L3t±ieHMMco>'N'7p{ -^^ i: -eo^^at 
tCitJE-r & H MM S-ftltf . 
[0051] S!;?^±(f t'/U^W*)! 3 
3{4. :^^') \ imm^h=^^-yMz%^ 

m,^1Xt^^X<^mm.zn LT^rT;K?5^§*J^T-r^ * 
■C-^ « i: -r •& 5: - y ; WC le^ $ ^T.T V ^ 4 

2 2r^'9jl-r. C:<7)J:5(cLTgE;^±ffW^^:x;K7)^ 

*fLT<0M;?i±tfW^«fNg6ma$:^TMkL^:HM 
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[00521 eSUig^^T-rJ^^T/l^^Tj^^^^. 

m^l.W^^^^'ftVcry^^^^WUziiK^X. ^*±tf^^ 
x-^ 1 - 1 <7) h-^ y Sr^^T-iS' 2 i: LXm\.-^hVt 
h^^Z^^^^-^y'—S' \-2(^h-'^yt:m\^XH 

[00 5 3] mz. ^^mh-^ycr,^ yx^ V 
Sr^Td^«, ^^t'-:?'^^ U l<7)ai::>3JSH'AS:^'7X 

^ V y^^m 1 6 coA:fjm^A 2 izmmt^ . 

[00 54] i^^J^rJ^'J^^^Jll ^yX:$'Vy^^ 
Ws. 1 6 _hia««i^S::ft- L-C^^x-^'^ ^ U 1 

iooss'i ^yx^^jyy^m.2 ^^x^vy^^ 

-rSHMMSr. M^itfW^tT^P^^ 'J 1 3 Si/ Si 
^^^^T-Vl-^^U 1 5£7)#^3!,>A>Sg;!i.iXtf, 

T', K^iffff^s^x^u^tu 1 3A»^>s^;^ltai^Jt'HM 
M5-HMMR. Si^iSW^^:-r;l/;<^: 'J 1 5*»^>gE;^iL 
jiAi^i H M M $: H M M S i; le-r C i: . 
[00 5 6] :5'^;^^'(;:x:J^#re3 JJCtC. :J'^;^^'y 

■thmmmi^n^x<^h-9y<^WL'<-9 h)v<^^ 

Ihnt Y—':^y^^ti}^htch'^m'f-9 2^^m'f~ 
^i-i<7)V-9yh^^%m^^v'-'^^^'f—Sfi 

-2<^h-':fy^m-)mift^iLts, 

100511 ^yx^^jy^^mA ^yx9*}yif^ 

gl6{i:. ^5^:J"Jy;?'^Ml3T'S!;^jiA/^b-i?y 



•CM^Ji^/i' HMM-C'*>I.HMMRi:HMMSi: ^ 

vfm^^'T)v^^^) 1 3*-^>s!;^a^/^HMM•c^)l>H 
1 5A^<^>M^^^ii^-t'HMM■c•^>4HMMS(c:*rr■^.*Jg 

^LSi:L;ti:#. LRSLSt:'*>ii{f. 

Mm^i-^-Wm^^zmth^ t ^MM-ti-M^R^ h 

iij-r€.. itt. LR<Ls-cs>it{f> mmh—^yit^ 

ym^t t Uz^ yym^^ji^^} 1 8i3jlitii-r 

:?5X^"J>':J^^gl 6{4, m^^A.ti±X<7)V~ 
ytcit UT HMMR i: HMM S 
2rfh»LT^9X j/Srfi=VV '^mv-^ym^b 
kUzi'vx^^jy'^^XhhU^RMiSi^ <7y 
x9^} yyi^M:^ ^ u 1 8 fct^-^s . 
[0 0 58] ^7X:J'i;yi/#)i5 c^vx9')yy^ 
SI 6Ji:. ^^T-^J'j^^r'J l*^«^^-r■l.^«x-y;^ 
*t LT^T^-y^utciB^^iiT \^hWJ^\,zm:-> xm^ 

[0059] x^xki^mmzx-yx 9vx^^j yyifi^T 
•th, \;Xt<7)Xo\,z^ 9^x-S'^)y^^m.i—3i^o 

^yxi'^jyym^l lifii^yx^^yyi^^^^^) i 

s{zu.^^ixh:Lhi>z^j:^. mA\imM<7ymm2i,zxh 

SE^^^itfW^-f-r? 1 - 1 «f CO I — 2? yxhh 1 — 2? > 
#^lc?)/a/J4^^X:J"jy^^tt«*<RrS)>9, ^^^^ 

tz. Bg^±{f^|Sx-:5' 1 - i4Jcoh-:?yT'a5.5. h- 
^ 1 2 Oco/a/i4:7 ^X:? U ^;/fem*^'ST'*) 

a. z<7)h-^y^'^ts%m-^K mi^±im-^x'$>'yx 

[0 0 601 ±iecoJ:dtC:;'9:^^"J>':rS:fi=dS* 

e ^m^^iz'^\'^^m hh*). mz^ j^^m^py-'- 
9i-2^(r>\ — ^yx'h-^xii 8gA±tf ^^tcjgt 

i-24'c7)h-2?yi:»,^di»-5st:'(4. s-rn>m^±if 
'^p<^ym(m^t:n-:>h-i^yb sssiis^^T-^' 

co^W^^S-i^o h -2? y i: J: S ^ yXizJEmiz^ 

[006 1] -tClf. ::c7)||Jfe<7)J^®2c7)J:dtCHMM 
Rt HMM SC0*S^^^-:^^^■C# h— ^''9>^^' U 
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1 0 0 6 2 1 mzi^ V X-S>m.?t-^mcm%^WAZ':>\^X 
if^. :i^r^^'r--fMz^^ixtcmmz^'oXif^X 



mill 



CRc CSc 

^=yx i>mpmn^^ 1 9 {± , ^ ^ x ^ a^^^fssttfothK 

^«itWRc , WSc i:f'^X^m^s^1^^:>(^>J2 
fcy'-fbLXSLn^^. 

[0 0 64] ^7X^fi;^fISC«it»^)!l3 ^^x^ 

•hx i J^-/ z /c^iiii#t=±iB^' =7Xif' m^{meosm. 
^m2fm'jmL. ^mm::bi,zm^±if'^^^'^x^ 
i,zM^^mMmwRc b^^^m=^'^'?^x9(,zm- 
^mih-im^Sc b^vrn^x. mmum<7)^mib 

SS*^^:i;2 ItcJMtii-ri.. 9^x-!>m?f-s^W.m^:^^ 
(J 2 ITti, IMm^mc^Rc > WSc 

[0065] tUiCOi^f^tc J; -t.'C rJ'SA^SccOff 
ffA-'^T-ri. , 0 5{i||SfecOJ^ffi2tcJ: l.^^yN'^-y 

titip^^ir^mx'hh. miZTFi-tJioiz. ^/a/ 

t^itrS«^{^S:<i(iWRc = 0. 2, WSc=0. 8 
T\ ±ieilMO}^®l<7)H2lCtj(t'I.W^/a/tc*tr 
«.*;^i^ffiWR=0. 25.WS = 0. 75tJtlS^ 
i>i:WRc <WRt:5:oTt3'5. ^iifi^^^^oTV^ 
i.. Clirti, a*j^6iS^^r-:J'l-2<:Oh-25'y<7)^ 



[ 0 0 6 3 1 yXi$'m^^^cr>wm^m2 ^vX^ 

mm%^-^i ^'7X'^m.?i-^w.<mnn^b t 

:?U>^^<Olg«i:LTie-^R**##-§ix^^) h-^yc^) 
aCRc i:eEb^MW|a^5;^:J'tCjg-r5 (BPfe, ^'7 
l> yj/cOife^t LTlB-^S*i#-^$itit ) v-9y 
<7MCSc b^^l?,. ^LXCRc bCSc t^fflv-i 
X. ^Al.if'^P^yXi'lzM-t&m^^^WRc b^ 
A^m^P^yx^izMi'tm^^'^Sc b^. TIB 

(10) , (11) Mz^-^XEin-tt. (10). 

(11) m^(>t>i}^i>bii'0. mi^±tf=^Pi^yx^{z 

m^^rnvsccrtmi. m^iif^w^^x^iz^.-ti 

h-i^y<r>WLCRc bU^^m^pi'^^yX'S'f.zmthV 
-i^ycMCSc b(r)it^z^mthm.b^j:'yX\^h. 
[»103 

(10) 



(11) 

[0066] mz. ^ yxis^m^n^^ff^co^w^m 
imm-rh. ^ yx^m^n^^ty'ji-c/y^^i'iTo^. 

§ 2 2 c7)A:»3ffi^^ A 3 i,zmm-rh . z c7)^m^ 
mx'f' yx^MA-n^ 'tT/uffy^^^aT<^^mx''if 

[0067] ^yX^Mi^fi^^y'Jl^^^mi 9 y 

X ^m^n § 2 2 {i , ^^7-'- ^^^vi 

Ltzifi^x, mwMMib-ti.'m^mm.-th. mmy'- 
yjui. m8<?iXoizsm^iix\^h^. ^<^mm 
x'hh/a/i^-mn^b LxmtR-th. 

[0068]^ yX-S'mM'^^'tT'}\^^^^m2 9 y 

X'9m.^^%^i^^n.2 2\t. ±.wm^m^it\^xm 

t>iL/i#*i:-irr-s^«iB^J^^Tco h-^ y<^ 

V)V<rimih¥\b h-^ ym^b S-^^x-r? 2 
b UT^gx-rJ'^^ l» 1 a^t^m^ThXi. z.<nb%.m. 
^l.Vf'^i^'f-S \-l<r>\—7 yb'&^mk^^'r— 

9i-2<r>Y-9y^wm?i-Tl.ts, zzx\ 

^g#g2 2<i, ^ 7X:}'m;?ttf-S^|M^ U 2 1 *>^> 



I 
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[0069] ^'5x^s;^iif*^^T;P'^^^)i3 iJc 

_^>-X (k)j,X<k)2.X(k)3, .... 

< > ( i . j . t ) ^H-»:-ri.. Pco^^ 
( k ) \,im^ihA.ti±x<r> v—p y^X'Vi ( k = i , 



2, 3 



-rs, X{ih-i?y$:1f«-r^#Si'<^'h>'l'. T (k) 

( i , j , t ) ki\—'^y<r)tm^<^'mi^9 
r < k ) ( i , j , t ) {±, |IS6c7)0®l i:|SI«{ce?9i 

( i , j , t ) srffluT. ^^^^m?)-n%m^mmm 

#ffir fi^'wc (i. J. t) SrTIB ( 1 2 ) ^{cL 
ISC12] 



>a«fii»± « jB 5 :x f car* t e ) 

(12) 



"='wc (i. J. t) S-fflV^-C (13)~(15) 2.3),j=(i, i + 1) 



(13) 



[Stl4] 



(14) 



CSll 5] 



(15) 



. . w c ^ ^%fflm i J w c . iMScv i j w c ^ ^yr^ 

- ^tf 2 3 je-r ^ H M M ^U^-f , 
[0070]^ 7x^a;^i##^T^i^^^#j®4 7 
:x,^m^n^^^^B2 2ii. ^^x-^^^u 1 

[007 11 zzx\ :i(r>%m<mm2\<zkhm^j-<9 



-y=^^tv^^mm.h<^\^z-o\.^xmmti>. ±seM 

*»a i^lS^^T- ^'l-2c7)h-^ >-A^T'#^(C^a 
tfV^^, CtlJC^L-T. c:<?>IIJfi<oj^JS2tpi«.^^ 

H MM Sr^Wf § t S . 
[0072] JjLhcoi => iiz. :L(7ymiL<mm.2\zi.t\. 
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{f, *=5rS^S§«^ mi^^lf^P. giUg^^) T- 
'f—S' 1 - 1 , 1 - 2*-^ttaj L/C 

^^T^f ^ 2oi%is»iiirt \,ziimth^^f^^->=^ 

rJ' - y 4 T^^l^cO/ 1 5 ^ - ^' tcit jS-r -5 HIS iJcOWl^ 

S^^7J_^<7)7r_^4(7)3aSl/CRc . 1/CSc 
a^l/CRc, 1/CSctCCRc -CSc/(CR 

c +csc ) ^m»-rs. (10). <ii)sSi#M) 
Sr. ^^x-:J'2fc*N-SflM«l^cO:?7X^rf:<0-r 
-^'»fcJSt3t:?5X:5'S;!iL{^i5:WRc , wSc t LT 
mmt. ^iX^jr^^X^-Mi^^aWRc . WSc Sr^V^ 

v^T#^^T-:J'2^:7 9^^'i;v^^rSC:i:*»^>. ± 
IB^M^© 1 J: SWfigt itIS LTSg^^i^Jiff W^<7)^ 

C 0 0 7 3 ] ^ /C. CiO^<^)J^SI2 iiXtf, 

2i}'i^n.tiiLfc:m^m^mwmr < " > ( i . j , t ) 

(c^'^J^rJ'fi^^lSWRc , WSc ?r«tT. ¥W-r- 

^ 2 co^fS«5^(7) ^ ^ rJ' ract3 S 7-'- a<?33SV ^ 

a^#<irw c ' ' ( i . j . t ) S^fflOT HMMCD 

rJ'^M^a i j w c :sp.jt,^n^ . ^ w c .jj. 

[0 0 74] ^fc, ±Mmm<nmm2xii. hmmt-^ 

mfil[T't>«i5=5:</^, $i5>C. ±ieilli<7>?|^»l. 2-C 

[ 0 0 7 5 ] ^/c, ±tmm<7immxii. m^i^mm 

^b Lxmi^^if^^b J^^^^Pb (cot^TS^ Lfz 



:^m^Bmztia9i-(r>^mmi^iizj:?>^m^-^i:> 
mzbi}^X'^^, z(^b^h. ^m^m<^mm±<7) 
i-^X'hh. ^m^'^^m:(r>'^yx^z:bi,zio\'r 

im{t\.fzi:.<r>^n;h.mi. ^y^^m^m^bLxw. 

lli£«^cri:c0^^7'-^»SrCl . C2. C 
3i:U, c:ix^.tcJ^lS-rS«;^i^^S5r-5-ix^irwi , w 
2. W3i:-r-&i:, §llf5«^rt £7)^^7^-i5'ficoS!Sc 
2rl/Cl, 1/C2. 1/C3tc. C:iX^><Oi^An 
i:^?)J:d{C. C 1 C 2 C 3/ ( CI C 2 + C 2 C 3 + 
C1C3) iSr^L?t:t<03&^wi . W2. W3t^^. 
[00761 

[5|BJcoS!>m] liLhcoidlc. Z<r>W^>.zi:tai. 

Sun^\.zZixt:>cr)maiflb^j:hiiol,Zi£.mitLiZi^ 
COS-, ^^7'-:J'tC*tt-4l%iS«^ri:C0x-:J'i{:ib 

r- ^ <^^iS«l^t:t5 (t S -r- :?»<7)a V ^ ^ffl]E t 

7^-^'Sr^a6^<7)-c. w:i:hm^mi^\.zm-th^m^ 

[0077 1 i/i, :fi:ilR2tJ:S1M3fegtWi:Si5rO. S 
v\ cmcJ:'). XlK2t-i-5€e3l5aWtit®LTiS1t 
[0 0781 zammzi,ix\t. '^pn^-v^ir)Vif' 

Mta Lfzm^mmiwmizm. tx . ^^Wx- 
^mmmbL. z(r>mA.mm^mwm¥tmt:m^^x 

m^'?fUay=t^'/U(7)j^y:^—i}^i^isb^(r)X\ 

3 7^ -r/PS-^S-r 4 ^ b , MA±»f g A 
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